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Preface 



The field of medical imaging is growing at a rapid pace. Since the early 1960s, 
three new imaging modalities, namely, radionuclide imaging, ultrasound, and 
magnetic resonance imaging, have appeared and matured. Along with X-ray they 
are among the most important clinical diagnostic tools in medicine today. Ra- 
dionuclide imaging, although its resolution cannot match that of other modalities, 
uses radioactive isotopes attached to biochemically active substances to yield 
unique information about the biochemical or physiological function of the organ 
which is unattainable otherwise. Ultrasound scanners use high frequency sound 
waves to interrogate the interior of the body. They are capable of depicting 
anatomical details with excellent resolution. Ultrasound is particulary suited to 
situations where exposure to ionizing radiation is undesirable, such as in obstetri- 
cal and neonatal scanning, and to imaging structures in motion, such as heart 
valves. Magnetic resonance imaging, however, has been envisioned to be the 
most exciting of them all by far because it also uses a form of nonionizing radia- 
tion, can achieve superior resolution, and is capable of yielding physiological in- 
formation. In this period, significant progress has also been achieved in conven- 
tional X-ray radiography. Improved design or introduction of better materials in 
image intensifies, intensifying and fluoroscopic screens, and photographic films 
has enhanced the resolution to a significant degree without adding higher patient 
radiation exposure levels. It is therefore plausible to understand why conventional 
radiography is still routinely used clinically for the diagnosis of many diseases and 
is the gold standard to which newer imaging modalities are compared. 

Unquestionably, the digital revolution is the primary reason that has caused 
the medical imaging field to experience the explosive growth that we are seeing 
today. Computer and digital technology along with advances in electronics have 
made data acquisition fast and mass data storage possible. These are the most es- 
sential ingredients for the practical realization of tomographical reconstruction 
principles. X-ray computed tomography (CT), digital radiography, real-time ultra- 
sonic scanners, single-photon emission computed tomography (SPECT), positron 
emission tomography (PET), and magnetic resonance imaging (MRI), which 
came about after the early 1970s, are just a few well-known products of the digi- 
tal revolution in medical imaging. 

While the development of these new imaging approaches may have con- 
tributed greatly to the improvement of health care, it has also contributed to the 
rising cost of health care. A chest X-ray costs only $20-30 per procedure whereas 
a magnetic resonance scan may cost up to $1000, let alone the expenses associ- 
ated with acquiring and installing such a scanner. The cost-to-benefit ratio for 
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these expensive procedures in certain cases is sometimes not as clear as in others. 
Therefore it is not unusual; that the clinical efficacy and contribution of these 
modalities to patient care are being scrutinized and debated constantly by the 
medical community as well as the public. ; 

This; book is intended to be a : university textbook for a senior or first-year 
graduate level course in medical imaging offered in a biomedical engineering , 
electrical engineering; medicar e sciences department. 

Much of the material is calculus based attempt has been made to 

minimizeu^^ 

cepis^^^ used by the authors to 

teach ;agraduate^TO^ 

Pennsylvania State University since the "- late 1 970s . This book covers all four ma- 
jor medical imaging modalities, namely , including CT and digital radiogra- 
phy, ultrasound, radionuclide imaging including SPECT and PET, and magnetic 
resonance imaging. It is divided into four chapters in which a similar format is 
used. In each chapter fundamental physics involved in a modality is given first, 
followe<!j}y^di diagnostic procedures; 
are descried. JFiM effects of each modal- 
ity are discj^sed^ At the end of ^ch chapter ah of Relevant references , further 
reading materials, and a set of problems are given. The purpose of this textbook 
is to give students vvith an ad^uate background in mathematics and physics an 
introduction to the fie^ of diagnostic imaging ; the materials discussed should be 
more than sufficient for one semester. However, the to also be used as the 
text for a two-semester course in, medical imaging when supplemented by addi- 
tional materials or by : inclusion of ^n^ 

Although this book has been wrtf fc^^ , radiologists with 

some teclmici^ physicists working in 

imaging industries shou in the medical imaging 

field. As a: final n<ke,at s^ imaging meth- 

ods that foye^been^use^ 

microw^e^agin^ book primar- 

ily due tQ;;thei^ 1^ are* interested in these 

modalities may refer reference section: 
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